Bovine leukaemia virus (BLV) induces two types of cell fusion. Cells inoculated at high multiplicity show cell fusion within 2 h. This type of fusion can be induced by non-infectious virus and does not require protein synthesis for induction. Low m.o.i, also induces cell fusion but this depends on production of infectious virus.
Several RNA tumour viruses induce fusion in certain cells and the fusion phenomenon has been utilized as an assay (Rowe et al. 197o; Rand et al. I974; Ahmed et al. I975) . Bovine leukaemia virus (BLV) induces syncytia formation in human embryonic lung as well as in bovine indicator ceils. A period of 4 to 8 days is necessary before the results can be evaluated (Diglio & Ferrer, 1976) . BLV also induces syncytia formation in sarcoma virus transformed feline cells, F8I, 16 days post infection (p.i.) (Benton et al. 1978 ) . A significant increase in the rapidity of the syncytia formation (early polykaryocytosis) was reported when BLV-producing cells were mixed and cultured with transformed cells (KC, XC or CC81 ; Irgens et al. 5977; Ogura et al. I977) . Under these conditions, results can be evaluated within z 4 h. In this paper, we report cell fusion in F8I cells induced by concentrated and unconcentrated cell-free BLV and discuss the possible different mechanisms for fusion observed under different conditions.
Indicator cells used for syncytia assay, F8I (cat cells containing the murine sarcoma virus genome), were provided by the courtesy of Dr J. M. Miller (NADC, U.S. Dept. of Agriculture, Ames, Iowa, U.S.A.). Cells were maintained in Eagle's minimal essential medium (MEM) with ~o% foetal calf serum, antibiotics, 0.25 °;/o lactalbumin and 2 #g/ml of polybrene. As bovine embryonic spleen (BESP) cells were susceptible to BLV, BESPcultures (the 3rd to 6th passage) were used for infectivity assay. After various treatments, virus-containing culture supernatant was inoculated on to DEAE-dextran-treated BESP cells in 2 cm 2 plates. The cultures were incubated for 60 min, I ml growth medium was added and the cultures were transferred to a CO2 incubator. At 7 days after inoculation, one of the plates was stained with Giemsa and examined for the presence of syncytia. The cells of the other plate were co-cultivated with F8I cells, and 7 days later the cultures were stained with Giemsa.
FLK, foetal lamb kidney cells persistently infected with BLV, were provided by the courtesy of Dr M. J. Van Der Maaten, NADC, U.S. Dept. of Agriculture, Ames, Iowa, U.S.A. Cell-free preparations of BLV were obtained from supernatant fluids of FLK cells and filtered through a o'45/zm Millipore filter. Eighty to IOO ml of culture fluids from FLK cells were freed of cell debris by low speed centrifugation 0oooog for lO min) and the viruses pelleted by ultracentrifugation (7oooog for 5o min). Virus pellets, resuspended in o.1 ml of MEM, were used as concentrated virus.
Syncytium induction by cell-free BLV was conducted in z cm ~ plates (Multiwell, Falcon) which were seeded with F81 cells at 3 × lO 4 per well in I ml medium and incubated overnight at 37 °C. Twenty-four h after seeding, the medium was aspirated and o.I and o'5 ml of the appropriate virus dilution was added to the plate3. When monolayer F81 cells were inoculated with high multiplicities of BLV, cell fusion was induced at 2 h and extensive cell fusion o022-I317/8o/0oo0-4020 $02.00© 1980 SGM 115-8 --2"0 89"5 -3-0 94"7 * Duplicate cultures were treated at various times with 0"5 #g/ml puromycin dihydrochloride (Nutritional Biochemical Corporation, Cleveland, Ohio). The puromycin was added before infection with concentrated BLV and then left in the cultures until fixation and staining with Giemsa (6 h after inoculation). Cell fusion activity was shown as a percentage of non-treated control cultures. Control experiments showed that this concentration of puromycin reduced the incorporation of x~C-leucine into protein by more than 81% within 30 min and more than 96% within 2 h. Antiserum against glycoprotein antigens (gp) of BLV was obtained from BLV-infected cattle. This serum (no. 516) contains only antibody to gp but not antibody to p24 (Onuma et al. I976) . § Antiserum against p24 antigen of BLV was obtained from immunized rabbit (Onuma et al. 1976 ). This serum contained no activity against gp. II F81 cells which were inoculated with either concentrated or unconcentrated BLV were fixed and stained with Giemsa at 6 and 48 b after inoculation, respectively. at i2 to 24 h post inoculation. When this concentrated BLV was diluted tenfold with MEM or when unconcentrated culture fluids from FLK were used as inoculum, no cell fusion was observed within 24 h after inoculation. On the other hand, unconcentrated BLV induced cell fusion after 3o h and extensive cell fusion was observed at I44 h after inoculation. To check for virus replication in indicator cells, F8I cells were inoculated with concentrated or unconcentrated BLV, and fixed and stained with conjugated anti-BLV serum at 6 and 48 h post inoculation, respectively. Specific cytoplasmic fluorescence in indicator cells was found at 48 h but not at 6 h. This result suggests that cell fusion induced by high multiplicities of BLV may not require the virus replication in indicator cells. The effect of puromycin on cell fusion induced by high multiplicities of BLV is shown in Table I . Indicator F8I cells were treated with o'5/zg/ml puromycin at various times (from 3 h before virus inoculation up to the time of virus inoculation). Inhibition of protein synthesis by puromycin did not decrease or prevent cell fusion by high multiplicity of BLV. Concentrated and unconcentrated BLV were treated with hydroxylamine, u.v. and anti-BLV serum to inhibit the fusion activity. The data in Table 2 clearly demonstrate that hydroxylamine and u.v. irradiation destroyed the fusion-inducing activity of unconcentrated BLV but not of concentrated BLV. Both fusion-inducing activities would be prevented if the virus was neutralized with the antibody to glycoprotein antigen (gp) of BLV before infection. No infectious BLV could be detected after treatment with u.v. irradiation, hydroxylamine or anti-gp serum.
Short communications
The formation of multinucleated cells by a process of cell fusion is a common effect in cells undergoing productive infection by viruses of the herpes and paramyxovirus groups (Bratt & Gallaher, I969; Ludwig et al. I974) . However, inactivated Sendal virus administered at high multiplicities also induced rapid cell fusion (Okada & Tadokoro, I962) . Cell fusion by viruses has been classified into two categories, fusion from within and fusion from without (Bratt & Gallaher, I969) .
In the present paper, we describe two different types of syncytia formation for BLV: (1) syncytia induced within 2 or 3 h after inoculation by high multiplicities of BLV and (2) syncytia induced after 30 h inoculation by unconcentrated BLV. Syncytia formation of type (I) resembles the fusion seen with mixed cultures of indicator and effector BLVproducing cells (our unpublished data; Irgens et al. I977; Ogura et al. I977) and both appear to be fusion from without based on the following evidence: (i) the studies with puromycin confirm that the cell fusion induced by high multiplicities of BLV does not require protein synthesis; (it) the studies of inactivation of BLV at high multiplicities with hydroxylamine and u.v. irradiation clearly indicate that this type of fusion is caused by non-infectious components in the inoculum and not by progeny viruses. On the other hand, syncytia formation of type (2) is probably fusion from within, since it required infectious BLV and appeared at a late stage of virus replication. Therefore, BLV may induce fusion soon after infection at high multiplicities, or late in infection at low multiplicities as is known in paramyxoviruses (Bratt & Gallaher, I969) .
The nature of the factor or factors which are responsible for fusion with BLV is unknown. Our unpublished data suggest that membrane fractions of FLK cells still induced fusion from without, although the abilities were reduced by more than iooo-fold when compared to intact FLK cells. When the same membrane fractions were treated with ether, however, no induction of the fusion was observed. Furthermore, antiserum against gp of BVL neutralized the syncytia-forming abilities of BLV, but antiserum against p24 of BLV did not (Table 2) . Therefore, it is most likely that virus spikes (glycoprotein) or virus glycoprotein antigens that appear on BLV-infected cells play an important role in fusion as is the case with paramyxoviruses (Homma & Ohuchi, t973; Scheid & Choppin, i974) and murine leukaemia virus (Ogura, I976 
